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The term functional capacity is used to indicate the total amount
of power possessed by the heart muscle. When the body is at rest a

small portion of this power is utilized to furnish the circulatory
requirements of the metabolism. As soon as any muscular activity
occurs the so-called reserve power of the heart is drawn on to furnish
blood to the working muscles.

Of these two component parts of the power inherent in the heart
muscle the reserve power forms normally by far the larger portion,
and it is with this factor that our studies are concerned. We propose
to gain an idea of the heart's functional capacity by a measurement
of its reserve power.

The method used to determine this is based on the circulatory
reactions to graduated work, and a rather detailed description of these
reactions is necessary to a clear understanding of our test, and, what is
more important, to a belief in its validity.

Work was furnished by means of a Krogh-Lindhard ergometer in
a few experiments, but in the greater number by movements with
dumb-bells. The blood pressures were taken by the auscultatory
method with a Riva Rocci manometer. A rubber hand bulb was used
to inflate the cuff. The systolic pressure and pulse were taken and
then work was performed. The pressure was read again between
twenty and thirty seconds after completion of work. This was the
time required with our technic to make the first reading, and 90 per
cent, of the readings on the first trial fell between 20 and 30 seconds.
If the first reading was made before twenty seconds or after thirty
seconds had elapsed the experiment was discarded. A second reading
was made between 50 and 60 seconds after work, the aim being to
make it as close to 60 as possible, and the third reading 90 seconds
after. Then readings were made every 60 seconds. (In our earlier
experiments we made readings every 60 seconds after the first reading;
later we made readings every 30 seconds after.)
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In a person with normal heart, shortly after work the systolic
blood pressure and pulse rate are increased. If they are then taken
according to the above plan they will be found to return rapidly to the
figures noted before work. If successively increasing amounts of work
are performed the same reactions will be observed. The greater the
work, the higher are the subsequent systolic pressure and pulse rate.

Finally, an amount of work is reached which is followed by a different
type of blood pressure curve. It does not reach its greatest height
within thirty seconds after the completion of work, but at a later period
(fifty to ninety seconds) when the pulse rate has dropped back toward
normal.

Chart 1.—Circulatory reactions in a normal man to increasing amounts of
work performed by means of dumb-bells. The white perpendicular spaces
represent the work periods in each experiment during which blood pressure and
pulse rate could not be measured.

Chart 1 represents the course of the blood pressure curve in a

normal individual after increasing amounts of work, which were fur¬
nished by dumb-bell exercises.

This delayed rise in systolic pressure (for so we shall term it) is a

most interesting and extraordinary phenomenon. It has been the sub¬
ject of many hundred experiments on both normal persons and patients
with cardiac insufficiency, and we shall summarize the facts we have
discovered about this peculiar reaction.

1. It is always obtained in normal people whenever the work
exceeds a certain amount (the work may be of any kind).
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2. Children are able to do much larger amounts of work, in com¬

parison to their weights than are adults before a delayed rise ensues.1
3. It makes no difference what group of muscles is employed to do

the work. If, for example, a delayed systolic rise follows 5,000 foot¬
pounds of work, performed in sixty seconds with the arm and back
muscles, it will invariably follow 5,000 foot-pounds of work done in
sixty seconds with the thigh and leg muscles. It is the amount of work
and the time in which it is performed, or, technically, the power
expended, which determine the delayed rise, not the group of muscles
used.

4. The amount of work which is followed by a delayed rise varies
but slightly from day to day in the same individual.

5. Patients with varying grades of cardiac insufficiency are able to
perform much smaller quantities of work than normal individuals
before a delayed rise ensues. These quantities are measured in hun¬
dreds, as compared with thousands in normal individuals. Occasion¬
ally in these cardiac patients the pressure after work is lower than
before. It then rises to or even above the original figures.

6. Patients with marked cardiac insufficiency, edema, dyspnea when
resting, etc., are able to do no work at all which is not followed by a

delayed rise or fall.
7. As the general health of normal persons improves, or as the

condition of cardiacs improves, we find that the amount of work which
can be performed before a delayed rise ensues becomes greater and
greater.

8. In a few experiments on patients with cardiac insufficiency we

have found that digitalis causes a marked but temporary increase in
the amount of work the patient can do before a delayed rise ensues.

9. In the treatment of normal people, and of cardiacs by graduated
exercises, the prescribing of quantities of work which are not followed
by delayed rises has caused a marked improvement in the majority of
suitable cases.

Of all these facts the most significant is, perhaps, the one which
shows that the delayed rise occurs quite independently of the group of
muscles used in the work.

Charts 2 and 3 illustrate this most important point.
Gräupner described the delayed rise many years ago, but he did not

discover its most significant feature, which has just been described.
The present incomplete state of our knowledge of circulatory physi¬

ology does not permit of a complete explanation of the phenomenon.
1. The data on which this statement is based were furnished through the

courtesy of Drs. W. P. St. Lawrence and H. L. Bibby.
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Chart 2.—Circulatory reactions in patient C. G. suffering from cardiac insuf¬
ficiency to increasing amounts of work performed with the legs on the bicycle
ergometer.

Chart 3.—A continuation of the experiments shown in Chart 2 on the same patient a
few minutes later, the work being performed on the bicycle ergometer with the arms instead
of the legs. The white perpendicular spaces represent the work periods in each experiment
during which blood pressure and pulse rate could not be measured.
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If its significance is to become apparent it can only do so at present
through clinical experiments.

We believe that the facts here enumerated, many of which have
been confirmed by other observers, demonstrate, as far as it is possible
to demonstrate clinically, that the delayed rise in systolic pressure indi¬
cates that the preceding work has exceeded the limit of the heart's
reserve power.

.

We conclude, therefore, that if the systolic blood pressure does not
reach its greatest height during the first thirty seconds after the com¬

pletion of work, but at the second or third reading (that is, fifty to
ninety seconds after work), or if this first reading is lower than the
original level, that work, whatever its amount, has overtaxed the heart's
reserve power and may be taken as an approximate measure of the
heart's reserve power.

In the following studies we have considered work which was not
followed by a delayed systolic rise as being within the heart's reserve

power, and work which was followed by a delayed rise as exceeding
the heart's reserve power.

We have used various movements with iron dumb-bells, which
were first described by Dr. Jacob Teschner of New York, to furnish
work, on account of their convenience and the ease of making com¬

parative estimations of the amount of work performed.
STUDIES OF THE HEART'S RESERVE POWER IN

NORMAL INDIVIDUALS

Chart 4 summarizes our results by decades in forty-five normal
persons.

Effect of Digitalis on the Cardiac Reserve Power in Normal People
and in Patients with Cardiac Insufficiency.—Three people were selected
with normal hearts but low reserve powers : One, aged 52 years, had
pulmonary tuberculosis and had a reserve power averaging from day
to day between 500 and 600 foot-pounds performed in thirty seconds.
One, aged 43 years, had a chronic pyloric ulcer with partial gastric
retention and averaged between 250 and 300 foot-pounds in fifteen
seconds. The third, aged 51 years, had a cancer of the esophagus and
averaged between 150 and 200 foot-pounds in fifteen seconds. Their
hearts were normal on physical examination and showed normal elec¬
trocardiograms. They all received large doses of digitalis, enough to
produce mild toxic symptoms, but showed no increase whatever in
their cardiac reserve powers.

A fourth patient, aged 23 years, suffering from rheumatic endo¬
carditis and slight cardiac insufficiency, which was evinced by some
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dyspnea on climbing stairs, showed a marked, but temporary, increase
in his heart's reserve power following digitalis.

Chart 5 represents this experiment.
Effect of Graduated Exercises on Normal Hearts and on Cardiac

Insufficiency.—Chart 6 illustrates the effect of daily graduated exer¬

cises with dumb-bells on a patient with low reserve power, due prob¬
ably to a combination of hard intellectual work, no exercise, insomnia,
several attacks of bronchitis, and much tobacco and considerable
alcohol. Physical examination of the heart and the electrocardiogram
were normal.

Chart 4.—Average cardiac reserve power by decades of forty-five normal adults.
Each space between two heavy perpendicular lines represents sixty seconds. The
black squares represent the heart's capacity. For example, between the ages
of 20 and 30 years the average heart was able to supply sufficient blood to the
muscles to enable them to do 5,600 foot-pounds in sixty seconds. The per¬
formance of 6,000 foot-pounds was followed by a delayed rise. It will be
noted that the highest figures were obtained between the ages of 20 and 30
years. After that the heart's reserve power steadily decreases.

Chart 7 represents the effect of daily graduated exercise on a

patient, J. C, suffering from cardiac insufficiency. He was 54 years
old and had had his first attack of cardiac insufficiency in 1913, having
at that time swelling of the feet and legs and dyspnea. Sept. 8, 1915,
he was admitted to the House of Relief with the same symptoms. He
was a thin man with gray hair, dyspnea and with markedly swollen
legs and scrotum. The heart was enlarged and showed an aortic and
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mitral régurgitation. There were signs of small quantities of fluid in
both pleural cavities. The liver was enlarged and the blood showed a

four plus Wassermann reaction. He received altogether 16 dr. of
tincture of digitalis and twenty intramuscular injections of mercury
salicylate. September 22, the cardiac capacity was tested and the
patient was given a course of graduated exercise. A few days after
the exercise began the digitalis was stopped.

September 22, when he was able to walk slowly around the ward
for a short distance, his cardiac capacity was very low. December 27,

Chart 6.—Course of the heart's reserve power in normal individual A. O. In
this chart each space between two consecutive perpendicular lines represents
fifteen seconds. The black squares represent the heart's capacity.

when his capacity had increased to between 900 and 1,100 foot-pounds
performed in sixty seconds, he was much stronger and able to do light
work.

It can be gathered from the studies described here that the cardiac
reserve power may be very low in a man with perfectly normal heart
as well as in a man with diseased heart. Mackenzie has made the same

observations in his last work on the heart, although his conclusions
were reached without the aid of any test of the heart's reserve power.
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The simplicity of the test of the heart's reserve power on which
the foregoing studies are based, puts it within the reach of every prac¬
titioner. A few experiments will enable any one to confirm the most
important of the circulatory reactions we have described. It makes no
difference what kind of work is used, stair-climbing, walking, dipping
exercises, or dumb-bell work, for any one of these permits of a com¬

parative measure of the cardiac reserve power. It is hardly necessary
to point out the value of the information derived through this test, but
we will mention one subject which has been much illuminated thereby,
namely, the kind and amount of exercise which a cardiac patient may
take. Also the bearing it has on the suitability of any particular occu¬

pation is obvious. We have advised many cardiacs during the past two
years on these two matters and the results have proved to be almost
without exception so excellent that we feel this experience affords
additional evidence of no slight value in support of the validity of our
test.

I wish to express my indebtedness to Dr. William R. Williams, whose
cooperation has made much of the preceding work possible, and to Dr. H. E. B.
Pardee for his help in the experiments with digitalis, and for doing the electro-
cardiographic work.

ADDENDUM

I take this opportunity to reply to an article by D. L. Rapport,2 entitled
"The Systolic Blood Pressure Following Exercise, with Remarks on Cardiac
Capacity."

Dr. Rapport conducted experiments on normal people to determine the
blood pressure reactions following graduated work. His blood pressure read¬
ings were made sooner and more frequently after work than ours were and
he was able to show that the systolic rise never reaches its greatest height
immediately after work, but at varying subsequent times, depending on the
amount of work, thereby differing from our conclusions.

Dr. Rapport was unfamiliar with the technic we have used since early
in 1916, which is described above. Our first readings were made between
20 and 30 seconds after the completion of work, the second reading 50 to
60 seconds after work, and the third reading 90 seconds after work. By
our method we secured curves of the systolic pressure which were so nearly
isochronous that their comparison must have been valid in the great majority
of instances. Whenever we detected a delayed rise (and no difference less
than 4 mm. of mercury was considered as such) the experiment was not
considered valid unless we could obtain the same or a more marked delay in
the rise by a repetition with increased work. It seems apparent that when
we did get this reaction it must have been a marked example of the phenomenon
because our first reading was not made earlier than twenty seconds after
work. Otherwise, we would have noted this reaction constantly. Also, if
our technic had not been unvarying we could not have obtained the constant
results we have described.

34 West Eighty-Fourth Street.

2. Rapport, D. L.: The Archives Int. Med., 1917, 19, 981.
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I reproduce one of Dr. Rapport's charts (Chart 8) depicting four reactions
which he considers "in most respects characteristic."

Chart 8.—Weight of subject 140 pounds; lift, two 10-pound dumb-bells
through 6 feet; time, one lift in two seconds. With thirty lifts, slight breath-
lessness ; with forty lifts, moderate breathlessness ; with sixty lifts, consider¬
able breathlesseness and slight distress. As in all curves, the zero mark rep¬
resents the cessation of exercise, the readings charted to the left of this line
being controls taken before exercise.

Compare with this our interpretation of his chart which notes the readings
which would have been made by our method (Table).

Interpretation of Dr. Rapport's Chart by Our Method
of Noting Blood Pressure

Work = 20 Lifts

Time

(Before work)
Systolic Blood
Pressure, 115

20 seconds. 130
30 seconds. 134 ;50 seconds. 130
60 seconds. 130
90 seconds. 124

Work = 40 Lifts

Time
(Before work)
Systolic Blood
Pressure, 115

20 seconds. 136
30 seconds. 137 ;
50 seconds. 136
60 seconds. 135
90 seconds. 133

Work = 30 Lifts
(Before work)
Systolic Blood

Time Pressure, 118
20 seconds. 135 \
30 seconds. 136 j
50 seconds. 134 )
60 seconds. 132 j
90 seconds. 127

Work = 60 Lifts
(Before work)
Systolic Blood

Time Pressure, 120
20 seconds. 155 Ì
30 seconds. 156 j
50 seconds. 160 ) Delayed
60 seconds. 160 j rise
90 seconds. 150

What we term "delayed rise" is apparently identical with what Dr. Rapport
terms a "delay in the full development of the rise." Our contention is that
this most marked form of reaction, whatever we term it, indicates an over¬
taxing of the heart's reserve power, and the clinical experiments we have
described above are offered as substantiation of this thesis.

Downloaded From: http://archinte.jamanetwork.com/ by a Thomas Jefferson University User  on 06/16/2015


